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resting on piled raft has not received much attention. Herein, a computer program ASTNII is devel-
oped by the author in order to examine the behavior of a layer of soft clay with different hypothet-
ical positions and thicknesses. Composed coefﬁcient technique is employed in ASTNII to save time.
Many cases of different positions and thicknesses are diagnosed to cover practical cases.
Based on ﬁnite element method, ASTNII is used to analyze three dimensional buildings on piled
raft in a parametric study. That study is developed to include two different structural models of
square and rectangular shapes. Different cases are analyzed to reﬂect the effect of changing of both
of position and thickness of soft clay on the system. Discussions on the numerical results are per-
formed and conclusions are drawn.
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Piled raft has attracted many researchers during the last four
decades. Early researches focused on homogeneous soil in
the analysis, however, in the practical life, soil is always nonho-187.
mail.com
y. Production and hosting by
Shams University.
lseviermogeneous. The ﬁnite element method is one of the most pow-
erful tools for the analysis of piled rafts. Chow [1] presented a
method based on elasticity theory for the analysis of axially
and laterally loaded pile groups embedded in isotropic nonho-
mogeneous soils. The load deformation relationship of the soil
was determined using the ﬂexibility approach in which the soil
ﬂexibility coefﬁcients were evaluated using the Finite approach
method. Nonhomogeneity of the soil was taken into account
by incorporating continuously varying soil stiffness into the
numerical integration process during the formulation of the
element stiffness matrices. Moreover, Chow [1] presented a
model for analysis piled raft against vertical and lateral loads
using a computer program called APRILS. Hankel and Fou-
rier transforms were used based on the equations of Small
and Booker [2] to include the layers of the supporting soil in
the model. Kuwabara [3] described a boundary element analy-
sis based on elastic theory to examine the behavior of a piled
Figure 1 Typical soil properties of Port-Said area.
18 W. El Kamashraft foundation in a homogeneous elastic soil mass. In the
analysis, the raft was assumed rigid but the compressibility
of piles was considered. Poulos et al. [4] examined the effect
of considering the embedment of the pile cap in estimation
of piled raft behavior for a small scale test and for a full sized
structure.
Hirai [5] and Xu and Poulos [6] investigated an equivalent
elastic method to predict settlements and stresses of multi-lay-
ered. Also, analytical models were proposed to represent the
heterogeneous elastic properties of layers in vertical and hori-
zontal directions for multi-layered grounds and improved
grounds. Maheshwari and Madhav [7] introduced a numerical
procedure to describe the analysis of the vertical deformation
and the stress distribution of the strip footings on layered soil
media with middle thin layer which has a high stiffness. Poulos
[8] suggested an average technique to approximate the interac-
tion between structural members of a piled raft foundation
embedded in nonhomogeneous soils. Poulos and Davis [9] em-
ployed Steinbrenner’s approximation to allow for the effect of
the underlying rigid base in reducing the soil displacements. El
Kamash [10,11] presented a model for analysis 3D-structures
on piled raft against vertical and lateral loads using a computer
program called ASTNII. The effect of superstructure on the
analysis of piled raft was considered to worth the study. Baz
[12] used Framework Analogy to solve various plate conﬁgura-
tions of different boundary conditions. That technique was
used to model the raft and slabs by the same type of beam ele-
ment in order to achieve the compatibility in the whole struc-
ture. El Gendy [13] examined a three-dimensional continuum
model that considers any number of irregular layers and the
nonlinearity of soil medium using FEM. Moreover, El Gendy
[14] introduced the composed coefﬁcient technique to reduce
the size of the stiffness matrix which increases the efﬁciency
of ﬁnite element method to deal with huge problems.
The software ASTNII which was used in this study was
developed to analyze different shapes of 3-D buildings over
piled raft embedded in nonhomogeneous soil. The response
of each pile, slabs and the raft was modeled using continuum
model, while the interaction among elements; pile–soil pile,
raft–soil–raft and pile–soil–raft was calculated on the bases
of integration of Mindlin’s solutions [15,16]. ASTNII consid-
ered the elastic perfect plastic characteristic of the soil. The
nonlinearity of the soil was considered in ASTNII by incorpo-
rating Equivalent Stiffness technique which was developed by
El Gendy [14]. To verify the validity of ASTNII, the results ob-
tained by the present approach were compared with some
problems veriﬁed previously by researchers using different
methods of analysis such as Poulos [8], Poulos and Davis [9],
Basile [17,23], Poulos [18], and Sommer et al. [19]. El kamash
[11] showed that, they are in a reasonably good agreement.
The objective of this study is to reﬂect the effect of the pres-
ence of a very soft clay layer is in between comparatively stiff
soil layers. Such cases occur in coastal area like Port-Said
which lies on the eastern side of the Nile delta at the north en-
trance of the Suez Canal on the Mediterranean Sea. Golder
Associates [20] performed geotechnical study for the source
of soil data of Port-Said. Reda [21] studied the comparison be-
tween different foundation systems for Port-Said area with
using the source data which was performed by Golder Associ-
ates [20]. The study presented the piled raft as the suitable sys-
tem for Port-Said soil medium as well as that, the piled raft is
settlement controller.2. Typical soil proﬁles
There are many sites consisting of a soft intermediate soil layer
between a comparatively stiff soil layers. Fig. 1 shows a typical
soil proﬁle for Port-Said soil medium based on Reda [21]. The
sand stratum is under the surface clay. The thickness of sand
varies from 4.2 (m) to 10 (m) with an average thickness for
whole site of 6.5 (m). The transition zone is found under the
sand stratum, at an elevation of about 7 (m). The lower clay
is ﬁrm, becoming stiff, dark grey, organic and micaceous. That
case of Port-Said soil of varied transition zone which is a rel-
atively soft soil is existed in between sand stratum and gradu-
ated clay layers may be presented in this study in normalized
dimensions and average properties.
The soil deposit is modeled as shown in Fig. 2 to include
three layers (I), (II) and (III) of thicknesses, h1, h2, and h3,
respectively. The modulus of elasticity and Poisson’s ratios
of the layers are (E1, m1), (E2, m2) and (E3, m3) respectively,
and these layers are underlain by a rigid base. Uniform load
of intensity, q, is applied over a width, 2B, at the ground level,
on the top of the layer (I). The second layer (II) is the soft
layer, while the both of ﬁrst and third layers (I) and (III)
respectively are comparatively stiff layers. Values of (E1, m1)
are computed as average values for Port-Said soil medium
which was carried out by Golder Associates [20], while (E2,
m2) is modeled to simulate a hypothetical soft layer based on
Maheshwari and Madhav [7]. Soil is modeled as a three dimen-
Figure 2 Deﬁnition sketch.
The positioning and thickness effect for soft clay layer 19sional continuum medium based on integrations of Mindlin’s
solutions.
3. Statement of the problem and formulation
3.1. Numerical model
A 3D ﬁnite element method, incorporated in the analysis of
structures resting on nonlinear soil (ASTN) version 2 [11],
was adopted in this study. It is well known from the theory
of elasticity that Poisson’s ratio has very little inﬂuence on
stresses, while it has slightly more inﬂuence on displacements.
Therefore, to make the analysis simply, the Poisson ratio for
the soft layer is chosen to be the double value of the remained
stiff layers for all cases. Here, piles, beams and columns are
presented by frame elements, while the raft and slabs are pre-
sented as plate elements by Framework Analogy [12] as shown
in Fig. 3. The nonlinear analysis of pile foundation is taken
into account using a hyperbolic function to simulate the elastic
perfect plastic behavior of the soil. In this paper, composedFigure 3 3D-Space frame work analogy of raft–pile–soil mod-
elling [9,10].coefﬁcient technique is incorporated to the numerical model
to enable the model of solving huge problems in a reasonable
accuracy with saving in time. The interaction between ele-
ments; pile–soil–pile, raft–soil–raft and pile–soil–raft is
achieved by employing integration of Mindlin’s solutions [15]
which was presented by Basile [16]. The surface between the
raft and the soil is assumed to be smooth and the shear strain
due to vertical loads is neglected. Such interaction between any
two elements of the raft or piles may be expressed based on the
following general form.
wi ¼ fijPj ð1Þ
where wi is the settlement at node i, fij is the ﬂexible coefﬁcient
which is deﬁned as the settlement at node i due to unite load at
node j at i is not equal to j and Pj is the load at node j as shown
in Fig. 3.
In the case of interaction raft–soil–raft, fii can be denoted
by frii to express the ﬂexible coefﬁcient of the raft which is de-
ﬁned as the settlement at node i due to the unit load at node i,
where i is any node at the raft. The ﬂexible coefﬁcient of the
raft frii may be determined using formula of Boussinesq [22]
to determine the elastic settlement beneath the corner of the
rectangular element (B * L) which represents the dimension
of each discretised element in FEM as follows:
frii ¼ B
2AEs
ð1 m2Þ½I5 ð2Þ
where Es is the modulus of elasticity of the soil and m is Poisson
ratio of the soil.
I5 in Eq. (2) can be written in the following manner:
I5 ¼ 1p ln
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þm2p þmﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þm2p m
 
þm ln
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þm2p þ 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þm2p  1
  
ð3Þ
where m is a ratio factor between the length L and the width B
of each element in the raft.
The ﬂexible factor for shear resistance, fshii, may be used to
express the interaction; pile–soil–pile and It is deﬁned as the
settlement at node i due to the unit load at node i, where i is
any node at piles. The unit load at j is generated due to shear
resistance along the shaft. Non-slip conditions are assumed be-
tween piles’ shaft and the surrounded soil. The ﬂexible factor
for shear resistance, fshii, tends to be singular and the solution
for such case can be gotten using the integration of Mindlin’s
solutions based on Basile [16] as follows:
wðiÞ ¼ tðjÞ
ZZ
S
Gði; jÞdSðjÞ ð4Þ
where t is the uniform distributed tractions over the surface
area of the shaft denoted by the surface S, w(i) is the vertical
displacement and G(i, j) represents the ﬂexible coefﬁcient of
point load embedded in the soil based on Poulos and Davis [9].
G(i, j) can be calculated as the following integration.
Gði; jÞ ¼
Z 2p
0
Z ro
0
fijr dr dh ð5Þ
where fij is the ﬂexible coefﬁcient presented by Mindlin [15],
which represents the settlement at any arbitrary point i due
to unit load at point j beneath the earth surface and ro is the
radius of the pile.
In the fact, practical problems are almost dealt with the
nonhomogeneous soil. Therefore, the demand to model non-
Table 1 Models and dimensions of columns.
Building model Column dimensions [m * m]
Model C1 Model C2 Model C3
Square model 0.50 * 0.50 0.60 * 0.60 0.70 * 0.70
Rectangular model 0.55 * 0.55 0.60 * 0.60 0.65 * 0.65
20 W. El Kamashhomogeneous soil is strongly needed. Steinbrenner’s approxi-
mation is incorporated to Mindlin’s solution to obtain approx-
imate solutions for nonhomogeneous soil of different layers of
ﬁnite thicknesses as shown in Fig. 3. For number of layers n,
and the layer which contains i is denoted by ‘u’, the settlement
at i due to the effect of a point load at j can be calculated from
the following equations:
fkj ¼ f zktop
 
 f zkBottom
	 
 ð6Þ
f
n
ij ¼
Xn
k¼1; where k–u
fkj þ fij  f zuBottomð Þ
	 
 ð7Þ
where f
n
ij is the modiﬁed ﬂexible factor for the case of layered
soil, fkj is the ﬂexible coefﬁcient representing the settlement
at k due to unit load at j and f Zktop
 
and f ZkBottom
	 

are ﬂexible
coefﬁcients representing the settlement at the upper boundary
and the lower boundary of layer k due to unite load at point j
respectively. In addition, an average technique suggested by
Poulos and Davis [9] and Poulos [18] is involved into the model
as following equations.
EsðijÞ ¼ ðEsðiÞ þ Esðiþ1ÞÞ þ ðEsðjÞ þ Esðjþ1ÞÞ
4
ð8Þ
Esð1jÞ ¼ 2Esð1Þ þ ðEsðjÞ þ Esðjþ1ÞÞ
4
ð9Þ
where Es(ij) is the average Young’s modulus of the soil at the
depths Zi and Zj, Es(i) and Es(j) are moduli of elasticity for soil
layer numbers i and j.
By generating ﬂexible factors for all discretised elements of
the substructure, both of ﬂexible and stiffness matrixes can be
achieved for the piled raft and to be solved with the whole of
3D-superstructure simultaneously. Moreover, interaction is
carried out for all of substructure elements; pile–soil–pile,
raft–soil–raft and pile–soil–raft.
3.2. Parametric study
In this study, 3D-12 storeys-space structures of square and
rectangular typical ﬂoors models are analyzed using ASTNII.
The 3-D building is supported by a piled raft system embedded
in nonhomogeneous soil. Source data of soil which has beenFigure 4 Typical ﬂoors for the twoshown in Fig. 2 is considered and the nonlinear behavior of
the soil is taken in the consideration as well. Groundwater is
at almost 2.0 (m) below the ground surface. The groundwater
level is assumed to be lie directly below the raft. The square
model has 4 bays in each of X- and Y-directions, while the rect-
angular one has 3 bays in X-direction and 6 bays in Y-direction
as shown in Fig. 4. Both of two models have nearly the same
area. Heights of ground and typical ﬂoors are 4.00 (m) and
3.00 (m), respectively. The structural system of all roofs is a ﬂat
slab type of 20 (cm) thickness subjected to a total uniform load
of 10 (kN/m2). The foundation of each model is a piled raft
type. Dimensions of columns are listed in Table 1. The raft
is assumed to be at a depth 2.0 (m) beneath the ground surface
and has 1.25 (m) thicknesses. The estimated total vertical load
on both square and rectangular rafts is 101.265 (MN). A total
of 25 piles are located under the raft for each model as shown
in Fig. 5.
Slabs, columns and raft have the following material
parameters:
Young’s modulus Eb = 3.4 · 107 (kN/m2)
Poisson’s ratio mb = 0.2
Unit weight cb = 25 (kN/m
3)
while piles have the following material parameters:
Young’s modulus Eb = 2.35 · 107 (kN/m2)
Unit weight cb = 25 (kN/m
3)
In the analysis, ﬂat-slabs of typical and ground ﬂoors’ roofs
are simulated by the Framework Analogy method [12], while
rigid frame elements with a continuum model are used to
simulate piles; columns and beams. The interaction betweenmodels with column arrangement.
Figure 5 Piled rafts of the two shape models.
0
5
10
15
20
25
30
35
40
0 2 4 6 8 10
Fl
oo
r H
ei
gh
t [
m]
Settlement s [cm]
without clay 
layer
Ratio 
h/L=0.07
Ratio 
h/L=0.21
Ratio h/L=0.5
Ratio 
h/L=0.79
Ratio 
h/L=0.93
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lar-shape resting on the piled raft due to the change in the position
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The positioning and thickness effect for soft clay layer 21different elements of the foundation is achieved based on
Mindlins’ solutions which were incorporated to the computer
program ASTNII. The raft is treated as an elastic plate sup-
ported on elastic piles considering the effect of the superstruc-
ture. El kamash [11] and Reda [21], showed that lengths of
piles in the piled raft system resting on Port-Said soil range
from 16 to 24 (m). So that, piles are assumed as identical piles
with length of 20 (m), and the effective depth of the soil layers
under the raft is taken 40 (m). Two main parameters are stud-
ied in the analysis for both cases of structures; square- and
rectangular-shapes. Those structures are considered resting
on piled raft and piles stand-alone. Herein, eight cases are
examined; they can be illustrated as follows.
(1) Change in the position of the soft clay layer for a square-
shape structure resting on piled raft as shown in Figs. 10,
16 and 22.
(2) Change in the position of the soft clay layer for a square-
shape structure resting on piles stand-alone as shown in
Fig. 11.
(3) Change in the position of the soft clay layer for a rectan-
gular-shape structure resting on piled raft as shown in
Figs. 6, 14 and 19.
(4) Change in the position of the soft clay layer for a rectan-
gular-shape structure resting on piles stand-alone as
shown in Fig. 7.
(5) Change in the thickness of the soft clay layer for a square-
shape structure resting on piled raft as shown in Figs. 12,
17 and 23.
(6) Change in the thickness of the soft clay layer for a square-
shape structure resting on piles stand-alone as shown in
Fig. 13.
(7) Change in the thickness of the soft clay layer for a rectan-
gular-shape structure resting on piled raft as shown in
Figs. 8, 15 and 20.
(8) Change in the thickness of the soft clay layer for a rectan-
gular-shape structure resting on piles stand-alone as
shown in Fig. 9.
Each case of change in the position of the soft clay layer is
analyzed ﬁve times with varying the ratio h/L of the soft claylayer. While, the model is analyzed three times with varying
the ratio t/L of the soft clay layer for each case of change in
the thickness of the soft clay layer beside the case which con-
siders the case without soft clay as shown in Figs. 18 and 21.
Figs. 6–13 show vertical settlements at centers of the build-
ing in X-direction for different cases. These cases include the
change in the position and the thickness of the soft clay layer
by the ratio of h/L and t/L respectively for cases piled rafts of
rectangular- and square-shapes. Figs. 14–17 show the bearing
factor for rectangular-shape due to the change in the position
of the soft clay. Figs. 19, 20, 22 and 23 show both the maxi-
mum and minimum bending moments for cases of changing
the position and the thickness of the soft clay layer. Those
changes are related to the change of ratios of h/L and t/L
for both cases of piled raft and piles stand-alone. Moreover,
Figs. 18 and 21 show the moment in the raft mx at sections
I-I and II-II of both square- and rectangular-shapes respec-
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Figure 7 Settlements at the centres of the building of rectangu-
lar-shape resting on the piles stand-alone due to the change in the
position of the soft layer.
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Figure 8 Settlements at the centres of the building of rectangu-
lar-shape resting on the piled raft due to the change in the
thickness of the soft layer.
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Figure 9 Settlements at the centres of the building of rectangu-
lar-shape resting on piles stand-alone due to the change in the
thickness of the soft layer.
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22 W. El Kamashtively without the soft clay layer for both cases of piled raft
and piles stand-alone.
From these ﬁgures, concerning on settlements, bearing fac-
tors and bending moments, results can be illustrated as
follows.
3.3. Vertical displacements
In Figs. 6, 7, 10 and 11, settlements at centers of the building
ﬂoor roofs of rectangular- and square-models resting on piled
raft decrease as the soft clay layer moves down by increasing
the value of h till reaching the half of L. By increasing the ratio
h/L over 0.5, settlements come back to increase extremely.
Min. and Max. settlements are recorded at h/L= 0.5 and h/
L= 0.93 respectively for all cases of changing the position
of the soft clay layer. The difference in settlements is not more
than 10% among cases of h/L= 0.07–0.5. This difference isincreased dramatically with increasing the ratio h/L over 0.5
to range from 2 to 3.5 times of h/L= 0.5 at h/L= 0.79 and
h/L= 0.93 for both cases of the rectangular-model resting
on piled raft and piles stand alone as shown in Figs. 6 and
10 respectively. That difference reaches to range from 1.8 to
4.75 for both cases of the square-model resting on piled raft
and piles stand alone as shown in Figs. 7 and 11 respectively.
In Figs. 8, 9, 12 and 13, the increment in the case of change the
thickness of the soft clay layer is extrusive for both cases of
square- and rectangular-models. The scenario is similar for
cases of piled raft and piles stand-alone for all previous cases.
As the thickness of soft clay layer increases from t/L= 0.14 to
t/L= 0.43, settlements increase by percentages of 40% and
60% for square- and rectangular-models as shown in Figs. 8
and 12 respectively in the case of piled raft, while percentages
of settlements reach to 115% and 100% for square- and rect-
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Figure 11 Settlements at the centres of the building of square-
shape resting on the piles stand-alone due to the change in the
position of the soft layer.
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Figure 12 Settlements at the centres of the building of square-
shape resting on the piled raft due to the change in the thickness of
the soft layer.
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Figure 13 Settlements at the centres of the building of square-
shape resting on piles stand alone due to the change in the
thickness of the soft layer.
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Figure 14 Bearing factor for rectangular-shape due to the
change in the position of the soft clay.
The positioning and thickness effect for soft clay layer 23angular-models as shown in Figs. 9 and 13 respectively in the
case of piles stand-alone. The extreme increment in settlements
at t/L= 0.71 reach to be three times of those at t/L= 0.14 for
all cases of piled raft as shown in Figs. 8 and 12, while pile
stand-alone fail to support the structure in this case as shown
in Figs. 9 and 13. The increment of thickness of the soft layer
has a strong effect on settlements; it increases dramatically, as
the thickness of the soft layer increases and it may be repre-
sented by an exponential form as shown in Fig. 24. Maximum
settlements are greater than minimum values by 4.5 and 6.75
times for both of rectangular- and square-models.
3.4. Bearing factors
The bearing factor is deﬁned as the percentage of loads which
is resisted by piles and it can be considered as indication of theperformance of piled raft. As bearing factor decreases, the con-
tribution of the raft increases in resisting loads. Bearing factors
change due to the change of the position of the soft clay layer
depending on the ratio of h/L related to periodic behavior for
both cases of rectangular- and square-models. That periodic
behavior leads bearing factor to decrease by a percentage of
28% as the soft clay layer moves down till reaching the mini-
mum value, then the value comes back to increase again by a
percentage of 47% as shown in Figs. 14 and 16. On the con-
trary, the change of bearing factor decreases linearly as the
thickness of the soft clay layer increases. Bearing factors differs
by a percentage of 51% between maximum and minimum val-
ues recorded at t/L= 0.14 and t/L= 0.71 in respectively, for
both cases of rectangular- and square-models as shown in Figs.
15 and 17.
3.5. Bending moments
The difference of maximum moments at section II-II for the
rectangular-shape building between the both cases of piled raft
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Figure 15 Bearing factor for rectangular-shape due to the
change in the thickness of the soft clay.
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Figure 16 Bearing factor for square-shape due to the change in
the position of the soft clay.
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Figure 17 Bearing factor for square-shape due to the change in
the thickness of the soft clay.
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24 W. El Kamashand piles stand-alone does not exceed 7% as shown in Fig. 21,
while the difference reaches to 24% in the case of the square-
shape building at the section I-I as shown in Fig. 18. In both
rectangular- and square-shapes, maximum positive momentsincrease and decrease in periodic behavior, the difference of
those values is nearly 83% and 333% due the change the posi-
tion of soft clay layer, while the negative moment is identical
for all cases except the last one for both rectangular- and
square-models as shown in Figs. 19 and 22 respectively. It
can be noted that, maximum values of positive moments as
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Figure 21 Moment in the raft at section II-II for rectangular-
shape without soft layer.
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Figure 22 Max. and Min. Bending moments for the square-
shape due resting on piled raft to change in the position of the soft
layer.
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Figure 23 Max. and Min. Bending moments for the square-
shape due resting on piled raft to change in the thickness of the
soft layer.
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Figure 24 Settlements for buildings resting on piled raft due to
change in the thickness of the soft layer.
The positioning and thickness effect for soft clay layer 25shown in Figs. 19 and 22 and minimum values of bearing fac-
tor as shown in Figs. 14 and 16 are recorded at same cases of h/
L regardless the geometric effect. Maximum moments are
nearly identical with slight increment due to the increment of
the thickness of the soft clay layer, and minimum moments
are also identical in the case of the rectangular-model as shownin Fig. 20. The difference between values of moments does not
exceed 38%. On the contrary, Maximum and minimum mo-
ments decrease as the thickness of the soft clay layer increases
in the case of the square-model as shown in Fig. 23. The differ-
ence between values of moments reaches to 40%. It means that
the geometric factor has a signiﬁcant effect on envelopes of
maximum and minimum moments in the case of the change
of the thickness of the soft clay layer. Moreover, the change
of the position of the soft clay layer has more effect than the
change in the thickness of it to attract the bending moment
at positions which record maximum settlements.
4. Conclusions
This paper employed a 3D-numerical procedure to analyze the
superstructure supported by piled raft or piles stand-alone sys-
tems taking into the consideration pile–soil–pile, raft–soil–raft
and pile–soil–raft interactions.
A parametric study has been carried out to examine the ef-
fect of a soft clay layer with different positions and thicknesses
on different shapes of 3D-buildings resting on piled raft and
piles stand alone under gravity loads. The parametric study
showed that, in the case of soft clay layer in a comparatively stiff
soil, the position of middle soft layer recorded lowest values of
settlements. The change of the position of soft clay layer during
the top half depth of layers had not a signiﬁcant effect on settle-
ments. While, as much the depth of the soft clay layer increases
after the middle depth, settlements increase dramatically till
reaching at the base of layer depth regardless piled raft or piles
stand-alone cases. That was the reason that bending moment
was attracted at the case of maximum of settlements. Maximum
moments and bearing factors recorded changes in periodic
behavior due to the change of position of the soft clay layer.
Bearing factors decrease, as much maximum moments increase
regardless the geometric type. Maximum moments have been
recorded at mid-depth position of soft layer. However, piled
raft system had a good effect on reducing maximum moment
by more than piles stand-alone system. The increment of thick-
ness of the soft layer had a strong effect to reduce settlements
26 W. El Kamashand may be put easily in an exponential form. Moreover, the
increment of the thickness of soft clay layer hadmore effect than
the change in the position of it on settlements in all cases.
Maximum bearing factor was recorded at which the soft layer
in the mid-depth position. The geometric factor had a signiﬁ-
cant effect on distribution of positive and negative moments.
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